Abstract-Many electroexplosive devices as used in military and aerospace systems are susceptible to electrostatic discharge and can inadvertently fire. The problem can be analyzed and quantified by certain measurement procedures. A variety of protection techniques can be employed. Theory and performances of certain improved methods capable of protecting the system are presented.
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[9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [ explosive is a very sensitive initiation mechanism when compared to the intended "hot wire" mode of ignition.
To protect against this mode of firing, many techniques have been proposed, and a few have found application. Certain of these will be described since they represent viable state of the art solutions to the problem. It is possible to employ a dielectric cup as an enclosure for the primary explosive materials. By building up the insulation resistance, an internal discharge may be avoided. An all plastic cup is impractical since the device must be rigidly mechanically confined. Having a high internal voltage standoff capability will shift any electrostatic breakdown to some other weak point in the system. Besides the increased cost, the dielectric cup can crack during the loading and assembly operation, and the explosive can work itself through the dielectric void. The principle is sound, but the practice has not been completely successful.
Another [12] , [13] . By insuring a rapid discharge, the breakdown can be cheated and prevented from forming. This effect can be experimentally verified and will be presented as an experimental observation. of formation" of a gap discharge and demonstrates how a fast discharge can preclude gap breakdown. Another set of experiments is concerned with the "surge" performance of conducting composites as employed for intrinsic resistive padding. A hard wired switch circuit employing a hydrogen thyratron as shown in Fig. 4 
SPARK GAP SHUNTING PHENOMENON
To explore the "time of formation" effect in a spark gap breakdown [18] , [191, the discharge apparatus of Fig. 4 was again employed. Prior to discharge, a low resistance could be switched in across the gap under test. Two gaps were investigated. A double carbon sphere gap consisting of two spherical balls (0.7 cm) with an adjustable gap setting and a confined environment was considered a standardized gap. As a second gap, a phenolic header with the leads faced off flush to the surface and a nominal spacing of 60 mils was considered a typical gap. For both tests, gap breakdown was measured using a relaxation oscillation method, i.e., the voltage at which the gap would periodically breakdown. The test was set at twice this voltage level to insure a clean overvoltage breakdown effect.
With C = 500 pF and the carbon gap set at the 2 kV breakdown, ten discharges were delivered to the gap. A tabulation of the number of "fires" versus the shunt resistance is shown in Table I . This test was repeated for other capacitor sizes, and data are plotted as Fig. 6 . For the limited data obtained, there is some inverse relationship between the capacitor size and the 50 percent resistance required. The nominal time constant is of the order of 0.2 ,us, which might be the times typical of discharge formation.
A similar observation was obtained for the typical header under test. The data were reproducible and could be repeated several days later. The effect of a resistor in series with the switch made the gap easier to bypass. For example, 100 Q2 in series with the switch increased the 50 percent resistance value from 400 to 1400 Q..
The only purpose of this experiment was to demonstrate that a resistance shunt across a gap can produce a fast discharge that will inhibit the gap breakdown. It is apparent that the phenomenon would require a more formidable study. The observation is meaningful for the understanding of electrostatic discharge protection, although it has not been quantified.
PRACTICE OF THE PROTECTION METHOD
The resistive padding technique for electrostatic protection proves to be an inexpensive and effective procedure. As previously indicated, a thick film of conducting coating can be applied over the input port and case enclosures, or the header or feed-through can be made entirely of conducting plastic.
A typical simple two-lead wire geometry is shown in Fig. 7 as viewed from the end of the EED. The resistance R1 is across the electostatic path to be protected. A bridgewire of low resistance connects the two pins together hence the effective shunting is due to R1/2. Because of this geometry, the resistance is dominated by the electric field concentration in the vicinity of the pins, and as an approximation, the resistance between pins (no bridgewire) is roughly twice the pin to cup (R2) resistance. If the system is analyzed as a balanced shielded line and capacitance formulas available in handbooks converted to resistance, it can be shown that for typical dimensions a material volume resistivity of 300-600 Ql-cm is required. Because of other practical problems of conducting molding materials, empirical methods were required to determine the final system. If the value of R1 as shown in Fig. 7 is between 100-500 Q., static protection can be achieved. Too high a resistance defeats the protection, and too low a resistance starts to divert firing energy from the bridgewire.
Using the resistive padding method of protection on selected electroexplosive items, it has been possible to achieve 100 percent protection as measured with the proposed test procedure.
But for the sacrificing of the high insulation resistance, little else is compromised. The resistance paths provided serve also as drain shunts that may be advantageous in certain isolated firing circuits. If an accidental firing circuit discharge takes place between one pin and ground, the resistance R1 is large enough to preclude the normal firing mode.
As this method of protection is applied to other systems and designs, some of the ambiguities of the conducting materials employed will be resolved. There appears to be no major obstacle to the successful electrostatic protection of electroexplosive devices. 
